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We have applied the light-front formalism to calculate the electromagnetic form factors for the pion and the 
kaon from two models at low and high energies in order to explore the differences between such models. We have 
also compared the results for the ratio Fk(Q 2 )/ F 7r (Q 2 ) with the experimental data up to 10 [GeV/c] 2 and we 
have observed that the theoretical results are in good concordance for low energies, but they are very different at 
higher energy scales. 
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1. Introduction 

An interesting laboratory for studying the 
structure of elementary particles is the electro- 
magnetic form factor F 7r (q 2 ) of the pion, as there 
are a lot of experimental data for this observ- 
able jT|. In the case of the K + kaon, there is 
much less knowledge about its electromagnetic 
form factor FK(q 2 ), but it is possible to find some 
experimental results for q 2 > 1 [GeV/c] (2). Fur- 
ther, the recent high-statistics Brookhaven exper- 
iment E865 [3] has provided us with more in- 
formation on Fx- The amplitude for the decay 
K + 7r + e + e~ was measured for q 2 up to 0.125 
[GeV/c] 2 (the maximum value for the kinematics 
of this kaon decay), that allows to obtain indi- 
rectly the value of Fx(q 2 ) 0]. 

The main objective of the light-front mod- 
els used in this work is to describe consistently 
hadronic bound state systems for high and low Q 2 
regimes. In light-front models, the bound state 
wave function is defined on the hypersuperface 
x + = x° + x 3 — and it is covariant under kine- 
matical boosts, due to the stability of Fock-state 
decomposition under such boosts [5]. 

As described in Ref. [617] . problems related to 
the rotational symmetry breaking make the re- 
sults of electromagnetic form-factor calculations 
in the light-front formalism dependent on which 



component of the electromagnetic current is used 
to obtain the form-factors. 

At low momentum transfers, the non- 
perturbative regime of QCD is more important 
when compared with high momentum transfers 
dominated by the perturbative regime of QCD. 
Perturbative QCD works well after 1.0 [GeV/c] 2 
and dominates above 5.0 [GeV/c] 2 . 

The studies on light-flavor vector and scalar 
mesons are important because they indicate a 
direction to understand why QCD works in the 
non-perturbative regime and, also, why the pseu- 
doscalar mesons are the observed light hadrons 
related with chiral symmetry breaking. 

As known for spin-1 particles [BJ, the plus com- 
ponent ("J + ") of the electromagnetic current is 
not free from pair term contributions in the Breit 
frame (q + = 0), so the rotational symmetry is 
broken if they are dropped out. Thus, the ma- 
trix elements of the electromagnetic current in 
the light-front formalism have the valence con- 
tribution to the electromagnetic current but also 
other contributions should be considered. That 
contribution corresponds to pair terms added to 
the matrix elements of the electromagnetic cur- 
rent [BJ. 

In the present work, one type of the vertex 
function is used in order to calculate the pion 
electromagnetic form-factor for the ir — qq ver- 
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tex. The light-front models for the pion and the 
kaon which were presented at previous works [5] 
are applied to high momentum transfers. 

In section II, we present the formalism for the 
decay constants and electromagnetic form factor 
of the pseudoscalar mesons for a nonsymmetric 
vertex model. In our calculations, we also use 
a symmetric vertex model of the pion and kaon 
given in this section. In the last section, we show 
our numerical results for the ratio between the 
kaon and pion electromagnetic form factors. We 
also discuss the main relevant points of the re- 
sults. 

2. Electromagnetic Form Factor for Pseu- 
soscalar Mesons 

The electromagnetic form factor for pseu- 
doscalar particles can be obtained from a covari- 
ant expression as: 

<p|JV >=(p' +pTFp S (q 2 ), (1) 

where J M is the electromagnetic current and 
Fps(q 2 ) is the pseudoscalar electromagnetic form 
factor. 

The pseudoscalar pion decay constant is given 

by 

ip^fps = j^NcJ ^Tr[0}A M (k,p), (2) 
where 

O = ^-f 5 S(k)j 5 S(k- P ). 

2.1. Pion Form Factor 

The pion electromagnetic current can be writ- 
ten as: 

J" = e (p^+j/")fV(g 3 ). (3) 

In the equation above, in general, it is possible 
to extract the form factor using either the plus or 
minus components of the electromagnetic current, 
J + and J~ , respectively. In a reference frame, 
where the plus component of the moment transfer 
q + = q a + q 3 is nonzero, the electromagnetic form 
factor has two contributions: 

F w (g»)=4V)+4"V). (4) 



where F^V) and i4 V) 

are the valence and 
the non-valence terms, respectively. 



Table 1 

Parameters for the nonsymmetric vertex model 
(NSM) and the light-front covariant model 
(LFCM). The scale parameters and Xk are 
fitted to the corresponding decay constants. 



NSM 


m u 


0.220 GeV 


m s 


0.419 GeV 


m R 


0.946 GeV 


U 


0.101 GeV 




0.140 GeV 


m K + 


0.494 GeV 


OvO 


0.67/m 


LFCM (n = 2) 


m u 


0.220 GeV 


m 7r + 


0.140 GeV 


Xir 


0.542 GeV 


(»V+) 


0.576 fm 


flT + 


0.0924 GeV 


m s 


0.344 GeV 


m K+ 


0.454 GeV 


Xk 


0.621 GeV 


M 


0.513 fm 




0.113 GeV 



From the analytical integration of the k~ loop 
momentum in Eq. one finds two possible in- 
tervals of k + which give nonzero contribution: (i) 
< k+ < p+ and (ii) p+ < k+ < p'+ . The 
interval (i) corresponds to the valence contribu- 
tion to the electromagnetic current and the sec- 
ond interval (ii) is the non-valence contribution. 
The sum of both contributions gives the covariant 
form factor, which depends only on q 2 and not on 
the particular value of q + . 

The electromagnetic form factor Fi NSY \q 2 ) 
for the pion can be expressed with the nonsym- 
metric vertex model (see the reference [7] for de- 
tails) as: 

„ , 2N m 2 V 2 A f d 2 k ± dk+ ,,, 
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where 
I 



Me 



k+(p+ - k+) 2 {p'+ - k+y 
with M given by: 

-Ak~-k-{k + ~p + ) 2 +4(fci + m 2 )(fc+ 



with 

A = -4(k~k +2 



k + ki 



2k~k + p 



k + a 

+2k±p + -—£- + k~p + ). 



2p+) + k + q z , 



e 



6(k+)6(p+ - k+) 



and 

H = (p~ - k 



H(k ± ,k+) 

h - ^ 



, le- 



ft 



it 



k+ 



k+ ' 



k+ 



(p - k - 



k- 



The function fi for 1 < i < 5 is defined as r^+a 2 , 
with (r, a) = (fe, m); (p - fc, m); {p 1 - k, m R ): (p - 
k, m); (p' — k, ttir), respectively to the sequence 1 
to 5. The constituent quark mass is m and the 
regulator mass is 777,7? given in Table I. 

2.2. Kaon Form Factor 

The expression for the kaon electromagnetic 
form factor is given by: 

<p|JV >= e(p'" + p»)F K (q 2 ), (6) 

where is the electromagnetic current and 
Fx{q 2 ) is the kaon form factor. 

The electromagnetic form factor of the kaon 

F K ( q 2 )=F q ( q 2 )+F q ( q 2 ) , (7) 

receives contribution form the quark and anti- 
quark currents. With the nonsymmetric ver- 
tex [9] in the light-front coordinates the contri- 
bution of the quark current to the form factor 
can be expressed as: 

N 2 g 2 N c f d 2 k ± dk+dk 



F q (q ) = 2ie q 



I 



(8) 



2p+ J 2 (2tt) 4 

where / = I\(k±, k + ,k~) xl 2 (k±, k + ,k~) and the 
functions Ii and I 2 are given by: 



h 



A(k±,k+,k-) 



k+{ P + - k+) 2 ( P '+ - k+) 2 (k~ 



fc+ - 



where / 6 = k\ 



ra q and 



h = 



— Ak + m 2 + 8(fc + — p + )m q m q 
B(k ± ,k+,k~) ' 



and 

B = (p _ — k~ 

(p- - 



h — 
0+ - k+ 



)(p'" 



-)(p" 



p'+ - k+ ' 
fs - it 



p+ -k+ J v " p'+ - k+ ' 

The functions fa to /g in the equation above are 
defined as previously replacing m by m q . 




NSM:m u = 220 MeV * 
NSM:m u = 230 MeV* 
NSM:rrT = 240 MeV* 
Experimental Data 




0.02 0.04 0.06 0.08 0.1 0.12 0.14 0.16 0.18 0.2 

Q 2 =-q 2 [GeV/cf 



Figure 1. (a) Ratio between the kaon and pion 
form factors for the nonsymmetric model for Q 2 
up to 10 [GeV/c] 2 ; (b) calculations for Q 2 up 
to 0.2 [GeV/c] 2 compared to the experimental 
data pp. 



2.3. Light-Front Covariant Model: 
Bethe Salpeter Amplitude 



The 



The Bethe-Salpeter amplitude is calculated 
with the light-front covariant model [8]: 

■ml)Y M {kl-ml) 



Am (k,p) = 



(fcf 

(kf-\l 1+ ie)Hk 2 2 



\\ c + ie) 



(9) 



where k\ — k and hi = p — k. Xm is the scale as- 
sociated with the meson light-front valence wave 
function, n is the power of the regulator and m\ 
and 77i2 are the quark masses within the meson 
bound state. 



4 



1 .50 




Light-Front Covariant Model 
NSM: m y = 220 MeV * 
NSM: 230 MeV* 
NSM: m° = 240 MeV * 
Experimental Data 




0.02 0.04 0.06 0.08 0.1 0.12 0.14 0.16 0.18 0.2 

Q 2 =-q 2 [GeV/c] 2 



Figure 2. (a) Ratio between the kaon and pion 
form factors for the Light-Front Covariant Model 
up to Q 2 = 10 [GeV/c] 2 ; (b) calculations for Q 2 
up to 0.2 [GeV/c] 2 compared to the experimental 
data pp. 



3. Results and Conclusions 

The parameters of our models, NSM and 
LFCM, are given in the Table I. In figure [IJ we 
show the numerical results of the ratio between 
the kaon and pion electromagnetic form factors 
obtained with NSM compared to the experimen- 
tal data. In figure [lj a) (upper frame), we show 
our results for Q 2 up to 10 [GeV/c] 2 . In order to 
show in detail the comparison with available ex- 
perimental data, it is presented the ratio for Q 2 
up to 0.2 [GeV/c] 2 , in figure [2jb) (lower frame). 

We show in figure HJa) calculations for the ra- 
tio using the meson Bethe-Salpeter amplitude de- 
fined with the vertex given by LFCM. We com- 
pare that to the calculations with NSM up to 
10 [GeV/c] 2 . From the figure, it is clear the 
sensitivity of the ratio to the different models. 
From figure [2fb) , we realize that both models 
can describe the experimental data up to Q 2 = 
0.2 [GeV/c] 2 . We conclude by observing both 
frames in figure [2] that the two models are in 
good agreement with the experimental data for 
low momentum and show significant dependence 



on the quark mass for high momentum transfers, 
which can be clearly seen for the NSM. This is 
possibly correlated to modification of the pion 
and kaon decay constant when changing the con- 
stituent quark mass, which appears at high mo- 
mentum transfers as the wave functions of the 
pion and kaon at short distances are essentially 
defined by / w and respectively. 

We thank to FAPESP for partial financial sup- 
port. 
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